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Abstract 
This paper presents a simple process that allows for isolated metal features to be easily defined on the surface of 3D 
printed micro parts. The process makes use of a standard low cost sputter coating system to quickly deposit metal 
layers of approximately 100 nm thickness on to the surface of polymer micro parts. The inclusion of inbuilt masking 
features on the surface of the polymer parts ensure that the conformal metal layer can be effectively broken to create 
electrically isolated metal features. Using the process a series of polymer micro probes are created and metalized to 
form electrically conducting, but isolated probe needles. In addition a polymer micro gripper with an inbuilt thermal 
actuator is demonstrated.
© 2012 Published by Elsevier Ltd. 
1. Introduction 
Advances in the field of 3D Projection-microstereolithography (PMSL) mean that it is now possible to 
create devices with dimensions and complexity that approach that of traditional MEMS structures. There 
are however a number of limitations to the technology, as compared to traditional MEMS processing. 
Perhaps the most important difference is the inability of this process to create multi material devices. 
Materials are limited to photosensitive polymers, which mean that while it is possible to manufacture 
complex micro scale structures in relatively short periods of time; these structures are limited in their 
scope. This paper presents the development of a novel process that combines micro 3D printing, 
innovative design, and a post process metal deposition step. This allows the rapid fabrication of micro 
devices with integral electrical tracks, which are created without the need of tooling or complex post 
metal deposition processing.
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In previous work it has been shown that the PMSL process can be used to manufacture complex MEMs 
sensor packaging1.  Also the process has also been combined with a post build metallization process to 
create electrically conducting components for use in complex sensor assemblies1. In addition to these, 
MEMS devices that incorporate electrical tracks have been created by deposition of metal over the 
polymer structures, followed by an additional selective polishing process to leave isolated metal tracks. In 
this work the process is further extended to allow complex structures to be fabricated with isolated metal 
tracks, but without the need for any post metallization processing. This is achieved by using an innovative 
structural design to create inbuilt masking structures to prevent the full conformal coating of the surface 
metal layer. The crucial benefit of the process is that the post processing step requires no alignment, 
complicated fixtures, or photo masks. Using this process a number of micro structures have been created 
to demonstrate the principle and versatility of the process. These include micro electrical probes, micro 
needles, and thermally actuated micro grippers.  
 
2. Process Description 
The process makes use of two main steps as illustrated in fig 1. The first is the 3D printing step that 
uses projection-micro-stereo-lithography (PMSL). This is a solid-freeform fabrication technique and 
based on the spatially controlled solidification of a liquid and light-sensitive resin upon interaction with a 
light source (photopolymerisation). An LCD or a Digital Micromirror device (DMD) is used to layer 
profiles according to data from an STL file. In this way 25 μm layers of polymer are successively 
exposed and solidified to build up 3D geometries, in fig. 1 two examples of structures manufactured using 
this technique can be seen, which clearly show the individual layers built up during process.  
 
 
 
Fig.1: Illustration of the simple two-step process to fabricate micro probe needles. 
 
 
The parts created in this work were built on an Envisiontec Perfactory® Mini-Multi Lens projection-
microstereolithography machine in the Envisiontec R11 rapid-prototyping material. The projector 
brightness was calibrated to a light intensity of 600 mW/dm2 and the exposure time was 6.5 seconds per 
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layer (standard range) at a layer height of 50 micrometer. The resolution was set to 1050 x 1400 pixels 
(SXGA+) with activated enhanced resolution, equivalent to a pixel size of 5 micrometer in X/Y-direction. 
The parts were cleaned post build in an ultrasonic isopropanol bath for 3 minutes and air-dried. 
 
The second step in the process is the post build metal layer deposition. In this work a Quorum sputter 
coating system was used to deposit metal layers in the range of 50 – 100 nm thick. To allow the deposited 
metal layer to be effectively broken to form electrically isolated metal tracks on the structure surface, a 
series of in built overhanging structures are incorporated in the polymer part. The effect of these high 
aspect ratio overhanging structures is to limit the transport of gas into the trenches and therefore limit the 
deposition of the metallic layers in these areas. This is schematically demonstrated in step 2 of the process 
shown in fig 1.  
 
3. Implementation Examples 
To illustrate the possibilities of the process two types of structure have been created, these are a series 
of micro electrical probe needles; and a thermally actuated micro gripper. A description of the fabricated 
structures is given in the following two sections. 
 
            
Fig. 2: (a) shows two examples of multiple micro probes attached to a single holder, the left-hand device is following the PMSL 
process, while the right-hand device has been metalized with platinum; (b) A micrograph of a conical micro probe tip fabricated on 
an electrically isolated island. The inset images shows a higher magnification image of the tip shape, indicating a tip radius of 8 μm 
is achieved 
3.1. Micro electrical probe needles 
Examples of the micro electrical probe needles created are shown in fig. 2a. A photograph of the 
fabricated test structure is shown by the side of a standard ball-point pen for scale. Two examples of the 
structure can be seen, the one to the left has not undergone the post processing metallization step, while 
the one to the right has been coated with approximately a 100 nm Platinum layer, which has been 
sputtered onto the fabricated polymer probe needles. It is envisaged that this type of structure may be 
used for the rapid manufacture of electrical test probes. With this process it is possible to create a range of 
micro probe needles, in various geometries that are aligned to each other via the manufacturing process 
thus removing the complex alignment and assembly process associated with standard probe cards. The 
a. b. 
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level of feature size that is producible can also be seen in the scanning electron micrograph shown in fig. 
2b; this image shows a tip radius of the 3D printed micro needle of just 8 um.  
 
3.2. Thermal Micro Gripper 
A polymer micro gripper incorporating a chevron style thermal actuator was fabricated using the 
process. This allowed a series of micro heating elements to be created in the metalized surface of the 
micro gripper.   An image of the micro gripper can be seen in fig 3a, with the displaced shape of the 
micro gripper shown in fig 3b. Testing demonstrated the functional capability of the gripper which was 
able to achieve approximately 180 μm of displacement for an applied 30 V signal.  
  
Fig. 3: (a) Metalized micro grippers with chevron style micro thermal actuators shown next to a twenty pence coin for scale; (b) 
shows the intended displacement of the micro gripper; (b) shows a graph plotting displacement versus voltage for the micro gripper 
tips. 
4. Conclusion 
A novel process to produce electrically active micro devices using a micro stereo lithography process 
has been developed. The capability of the process to fabricated complex devices, such as a micro thermal 
actuator has also been demonstrated.  
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